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The TRPAI channel and oral hypoglycemic agents

Is there complicity in (3 cell exhaustion?
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Diabetes mellitus type 2 (DM2)

results from the combination of
insulin unresponsiveness in target tis-
sues and the failure of pancreatic 3 cells
to secrete enough insulin.! It is a highly
prevalent chronic disease that is aggra-
vated with time, leading to major com-
plications, such as cardiovascular disease
and peripheral and ocular neuropathies.’
Interestingly, therapies to improve glu-
cose homeostasis in diabetic patients
usually involve the use of glibenclamide,
an oral hypoglycemic drug that blocks
ATP-sensitive K* channels (K, ),
forcing 3 cells to release more insulin to
overcome peripheral insulin resistance.
However, sulfonylureas are ineffective
for long-term treatments and ultimately
result in the administration of insulin to
control glucose levels.” The mechanisms
underlying B-cell failure to respond
effectively with glibenclamide after long-
term treatments still needs clarification.
A recent study demonstrating that this
drug activates TRPAL,° a member of
the Transient Receptor Potential (TRP)
family of ion channels and a functional
protein in insulin secreting cells,”® has
highlighted a possible role for TRPA1
as a potential mediator of sulfonylurea-
induced toxicity.

Some members from TRP family of
ion channels have been related to the cat-
ionic non-selective currents in pancreatic
B cells” TRPAL, a polymodal receptor
that responds to noxius cold (< 17 °C),
divalent cations (Ca?* and Zn?%), elec-
o and to poly-
unsaturated fatty acids,'? allows for Ca*
permeation into the cells where it is

trophilic compounds,
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expressed. High expression of the TRPAI
channel has been shown in rat pancreatic
islets and short-term treatments (< 1 h)
with the agonists 4-hydroxy-2-nonenal
(4-HNE), allylisothiocyanate (AITC) and
15-deoxy-A12,14-prostaglandin ], result
in a dose-dependent increase of cytosolic
Ca? with subsequent insulin release in
RINmSF cells.” Similar results have been
reported for native {3 cells using the above
mentioned agonists, as well as with H,O,
and methylglioxal (MG), suggesting that
TRPA1 could be the link between inflam-
matory signals and oxidative metabolism
and insulin secretion.®

In a recent article published in the
European Journal of Pharmacology, Babes
and colleagues® reported that gliben-
clamide acts as an agonist of the TRPAI
channel. The authors demonstrated that
this sulfonylurea, but not tolbutamide,
induces intracellular Ca?* transients in a
dose-dependent fashion and increases cat-
ionic non-selective currents in HEK293
cells expressing human TRPA1 (hTRPA1).
Moreover, these effects could be reversed
by specific TRPA1 antagonists, and the
authors also identified 3 critical cysteine
residues at positions 621, 641, and 665 in
the N-terminus for glibenclamide-medi-
ated activation. Finally, they observed that
glibenclamide increased intracellular Ca**
in a subpopulation of dorsal root ganglion
(DRG) neurons (9% of the sample when
applied at a concentration of 200 pM),
although native channels from mice show
a decreased affinity as compared with the
heterologously expressed hTRPAI.

These results, as discussed in their
paper, support a role for TRPAI in some
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of the glibenclamide-related side effects
in diabetic patients, such as the develop-
ment of abdominal pain and of a hyperac-
tive bladder.®' In light of previous studies
reporting TRPA1 expression in 3 cells,
Babes and coworkers also suggested the
potential participation of TRPAL in the
effects of glibenclamide as a secretagogue.
This is not unlikely, since TRPA1 can pro-
mote insulin secretion in RINmSF cells
when stimulated with the TRPAI agonist
AITC in the presence of the K, activa-
tor diazoxide, resulting in an increase of
35.5% compared with insulin secretion in
the presence of diazoxide alone.® However,
the therapeutic impact of this phenom-
enon does not seem to be completely
straightforward since it has been reported
that treatment with glibenclamide can be
rendered completely ineffective in patients
carrying a mutation in the KCNJI11 (Kir
6.2) gene.”® This suggests that the possible
“beneficial” activation of TRPA1 would
not be able to overcome the glibenclamide
» channels to rescue a
damaged glucose homeostasis. On the
other hand, the results of Babes et al. shed
light on the potential deleterious effects of
long-term stimulation of TRPAI channels
by glibenclamide in patients with DM2.
Activation of TRPA1 by MG induces
Ca®* transients and augments non-
selective cationic currents in hTRPAI-
transefected HEK293 cells and mouse
sensory neurons.” In the same study, it

resistance of K,

was demonstrated that incubation with
MG (10 mM for 20 min) reduces conduc-
tion velocity and amplitude of compound
action potentials from wild-type but not
from TRPA1”- mice, which could be rel-
evant per se in the development of diabetic
neuropathy. Beta-cell damage by gliben-
clamide is also a well-documented event
and there is an obvious concern about a
potential interaction of glibenclamide with
TRPAL1 in this toxicity. Glibenclamide is
known to induce oxidative stress and cell
death in a dose-dependent manner in the
insulinoma MING, exhibiting potencies
higher than other anti-diabetic drugs (i.c.,
glimepiride, gliclazide and nateglinide).”
Continuous exposure of the same cell line
to oral hypoglycemiants (72 h), finally
leads to decreased insulin secretion in
response to an acute stimulus with sul-
fonylureas with reduced insulin content,
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downregulation of K,
increased apoptosis.'®
been reported in human islets, regarding

» channels and
Similar results have

apoptotic death and impairment of insu-
lin secretion after sustained application of
glibenclamide for up to 4 d."”

It is worth noting that incubation
with glibenclamide (100 pM for 8 h) also
decreases the viability of RINm5F cells
by almost 40% and the apoptotic events
leading to cell death can be attenuated by
reducing the extracellular Ca** or apply-
ing nitrendipine.' Interestingly, long-term
incubation (24 h) with the TRPA1 agonist
4-HNE also reduces the responsiveness
of insulin-secreting cells and the expres-
sion of PDX-1 (a transcription factor that
promotes insulin gene expression)” which
indicates a TRPAl-mediated disruption
of the B-cell physiology. Furthermore,
impaired insulin secretion resulting from
the Ca? overload after continuous activa-
tion of TRPA1 could be potentiated by the
inactivation of voltage-gated Na* channels
due to an increased and sustained back-
ground depolarization, which is likely to
occur in neurons. "

The actions of glibenclamide in B cells
could be further enhanced by the complex
etiology of DM2. This metabolic disease
is characterized by an increase in inflam-
matory signals, circulating lipids and reac-
tive oxygen species production, as well as
other environmental pollutants®” that
may sensitize or act synergistically to acti-
vate TRPAL. There are some arguments
that glibenclamide may not be respon-
sible for B-cell failure, since incubating
INS-1 cells with various concentrations
of glibenclamide during 24 h, in a glucoli-
potoxic environment, did not cause a sig-
nificant increase in apoptosis.”’ However,
this observation contrasts with an over-
whelming amount of evidence pointing
to glibenclamide as a key player of B-cell
exhaustion. More studies are needed to
disregard possible differences between
insulinomas and primary B cells, as well
as differences among cell lines, but mainly
to understand the complexity of the effec-
tors at play in DM2.

In conclusion, the study of Babes and
colleagues has identified glibenclamide
as a novel activator of TRPAL, providing
insights into some adverse effects observed
in diabetic patients treated with this drug.
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This article supports the presence of
another pathway responsible for the insu-
linotropic actions of glibenclamide, since
both inhibition of K, , channels and acti-
vation of TRPA1 could result in increased
insulin secretion. Moreover, the results
reported in this study could explain the
initial exacerbation of hyperinsulinism in
glibenclamide-treated DM2 patients, but
also the progressive deterioration of 3-cell
function.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were

disclosed.

Acknowledgments

I am grateful to Dr Marcia Hiriart,
Dr Tamara Rosenbaum, and Dr Gerald
Zamponi for proofreading and cor-
recting this manuscript; to Posgrado
en Ciencias Bioldgicas UNAM and to
Consejo Nacional de Ciencia y Tecnologia
(CONACyT) for supporting with a doc-
toral fellowship.

References

1. DeFronzo RA. Pharmacologic therapy for type
2 diabetes mellitus. Ann Intern Med 1999;
131:281-303; PMID:10454950; hetp://dx.doi.
org/10.7326/0003-4819-131-4-199908170-00008

2. Forbes JM, Cooper ME. Mechanisms of dia-
betic complications. Physiol Rev 2013; 93:137-
88; PMID:23303908; http://dx.doi.org/10.1152/
physrev.00045.2011

3. Ashcroft  SJ, Ashcroft FM. The sulfonyl-
urea receptor. Biochim Biophys Acta 1992;
1175:45-59; PMID:1482696; http://dx.doi.
org/10.1016/0167-4889(92)90008-Y

4. Bryan ], Crane A, Vila-Carriles WH, Babenko AP,
Aguilar-Bryan L. Insulin secretagogues, sulfonylurea
receptors and K(ATP) channels. Curr Pharm Des
2005; 11:2699-716; PMID:16101450; http://dx.doi.
org/10.2174/1381612054546879

5. Matthews DR, Cull CA, Stratton IM, Holman
RR, Turner RC; UK Prospective Diabetes Study
(UKPDS) Group. UKPDS 26: Sulphonylurea fail-
ure in non-insulin-dependent diabetic patients
over six years. Diabet Med 1998; 15:297-303;
PMID:9585394; hetp://dx.doi.org/10.1002/
(SICI)1096-9136(199804)15:4<297::AID-
DIA572>3.3.CO;2-N

6. Babes A, Fischer MJ, Filipovic M, Engel MA, Flonta
ML, Reeh PW. The anti-diabetic drug glibenclamide
is an agonist of the transient receptor potential
Ankyrin 1 (TRPA1) ion channel. Eur J Pharmacol
2013; 704:15-22; PMID:23461853; http://dx.doi.
org/10.1016/j.ejphar.2013.02.018

7. Numazawa S, Takase M, Ahiko T, Ishii M, Shimizu
S, Yoshida T. Possible involvement of transient recep-
tor potential channels in electrophile-induced insu-
lin secretion from RINmSF cells. Biol Pharm Bull
20125 35:346-54; PMID:22382320; http://dx.doi.
org/10.1248/bpb.35.346

421

Do not distribute.

I0Science.

©2013 Landes B



422

Cao DS, Zhong L, Hsieh TH, Abooj M, Bishnoi
M, Hughes L, Premkumar LS. Expression of tran-
sient receptor potential ankyrin 1 (TRPA1) and its
role in insulin release from rat pancreatic beta cells.
PLoS One 2012; 7:€38005; PMID:22701540; htep://
dx.doi.org/10.1371/journal.pone.0038005

Islam MS. TRP channels of islets. Adv Exp Med Biol
2011; 704:811-30; PMID:21290328; http://dx.doi.
0rg/10.1007/978-94-007-0265-3_42

Nieto-Posadas A, Jara-Oseguera A, Rosenbaum T.
TRP channel gating physiology. Curr Top Med
Chem 2011; 11:2131-50; PMID:21671880; htep://
dx.doi.org/10.2174/156802611796904870

Nilius B, Appendino G, Owsianik G. The transient
receptor potential channel TRPAI: from gene to
pathophysiology. Pflugers Arch 2012; 464:425-
58; PMID:23001121; http://dx.doi.org/10.1007/
s00424-012-1158-z

Motter AL, Ahern GP. TRPAI is a polyunsatu-
rated fatty acid sensor in mammals. PLoS One
2012; 7:¢38439; PMID:22723860; http://dx.doi.
org/10.1371/journal.pone.0038439

Della Manna T, Battistim C, Radonsky V, Savoldelli
RD, Damiani D, Kok F, Pearson ER, Ellard S,
Hattersley AT, Reis AF. Glibenclamide unrespon-
siveness in a Brazilian child with permanent neo-
natal diabetes mellitus and DEND syndrome due
to a Cl166Y mutation in KCNJ11 (Kir6.2) gene.
Arq Bras Endocrinol Metabol 2008; 52:1350-
5;  PMID:19169493;  http://dx.doi.org/10.1590/
S0004-27302008000800024

Eberhardt M], Filipovic MR, Leffler A, de la Roche
J, Kistner K, Fischer MJ, Fleming T, Zimmermann
K, Ivanovic-Burmazovic I, Nawroth PP, et al.
Methylglyoxal activates nociceptors through tran-
sient receptor potential channel A1 (TRPAI): a pos-
sible mechanism of metabolic neuropathies. J Biol
Chem 2012; 287:28291-306; PMID:22740698;
http://dx.doi.org/10.1074/jbc.M111.328674

Sawada F, Inoguchi T, Tsubouchi H, Sasaki S, Fujii
M, Maeda Y, Morinaga H, Nomura M, Kobayashi
K, Takayanagi R. Differential effect of sulfonylureas
on production of reactive oxygen species and apop-
tosis in cultured pancreatic beta-cell line, MING.
Metabolism 2008; 57:1038-45; PMID:18640379;
http://dx.doi.org/10.1016/j.metabol.2008.01.038
Takahashi A, Nagashima K, Hamasaki A, Kuwamura
N, Kawasaki Y, Tkeda H, Yamada Y, Inagaki N, Seino
Y. Sulfonylurea and glinide reduce insulin content,
functional expression of K(ATP) channels, and
accelerate apoptotic beta-cell death in the chronic
phase. Diabetes Res Clin Pract 2007; 77:343-50;
PMID:17316868; hetp://dx.doi.org/10.1016/j.
diabres.2006.12.021

Maedler K, Carr RD, Bosco D, Zuellig RA, Berney T,
Donath MY. Sulfonylurea induced beta-cell apopto-
sis in cultured human islets. ] Clin Endocrinol Metab
2005; 90:501-6; PMID:15483097; http://dx.doi.
0rg/10.1210/jc.2004-0699

Channels

18.

19.

20.

Iwakura T, Fujimoto S, Kagimoto S, Inada A, Kubota
A, Someya Y, Thara Y, Yamada Y, Seino Y. Sustained
enhancement of Ca(2+) influx by glibenclamide
induces apoptosis in RINm5F cells. Biochem Biophys
Res Commun 2000; 271:422-8; PMID:10799313;
http://dx.doi.org/10.1006/bbrc.2000.2616

Corkey BE. Diabetes: have we got it all wrong?
Insulin hypersecretion and food additives: cause of
obesity and diabetes? Diabetes Care 2012; 35:2432-
7;  PMID:23173132;  http://dx.doi.org/10.2337/
dc12-0825

Kwon M], Chung HS, Yoon CS, Ko JH, Jun HJ, Kim
TK, Lee SH, Ko KS, Rhee BD, Kim MK, et al. The
Effects of Glyburide on Apoptosis and Endoplasmic
Reticulum Stress in INS-1 Cells in a Glucolipotoxic
Condition. Diabetes Metab ] 2011; 35:480-8;
PMID:22111039; http://dx.doi.org/10.4093/
dm;j.2011.35.5.480

Volume 7 Issue 6

Do not distribute.

I0Science.

©2013 Landes B



